Sediment transport and accretion rates were studied for three different types of coastal wetlands of Lake Michigan, U.S.A. A forested intradunal wetland (Cranberry Bog No. 1 ) near Stevensville, Michigan, displayed sediments in the form of detritus, and exported them. Very little sedimentary material entered by streamflow. These features of bottom-land wetlands were confirmed by radioisotope studies on cores, which showed low accretion rates of 21°Pb. The mass fluxes were found to range from 0.01 to 0.2 g cm -2 yr.-~. The equivalent linear growths are 0.5--9.0 mm yr. ~. The suspended material from this wetland entered a filling shrub--bog--lake complex known as Cranberry Bog No. 2. A considerable fraction of the incoming sediments were retained in this intradunal basin wetland. This was confirmed via radioisotope studies, with cores showing higher accretion rates than in the bottom-land wetland. The river-delta wetland at Pentwater, Michigan, had little sediment trapping ability. Large amounts of water and suspended materials entered this riverine wetland, but no annual average removal was found. Radioisotope studies of cores at selected locations within this system showed little or no accretion in stream channels, and normal accumulation of organic material in non-channel areas. No net annual effect on water quality of the streams as they discharged to Lake Michigan was found. Storm events caused no notable import or export of suspended material. Presumably the sand substrate in the vicinity of all three wetlands caused runoff events to be mediated by subsurface flow through this porous soil. These three sand-based coastal wetlands appear to have little net effect on suspended solids.
INTRODUCTION
The purpose of this study was to assess the importance of wetland ecosystems in the removal of suspended sediments from waters reaching the Great Lakes. It has been thought that wetlands in general, and coastal wetlands in particular, should serve as settling basins for some of the suspended matter that reaches them by streamflow. In addition, particulate matter may reach these wetlands via overland flow from the watershed, or may be generated within the wetland as detritus. These processes have been but little studied in the past. Ranwell (1964) estimated sedimentation rates in marshes in England in the range of 0.2--10.0 cm yr. -I. Similarly, Richard (1978) found sedimentation rates in a Long Island, New York, salt marsh to range from 1 to 5 cm yr. -1, depending upon vegetation and elevation. DeLaune et al. (1978) measured sedimentation rates in a Gulf Coast, New Mexico, salt marsh. Radiotracer methods determined sedimentation rates on the order of 0.7--1.4 cm yr. -1 Tilton et al. {1978 ) speculated that the North America Great Lakes coastal wetlands trapped and stabilized sediments, and consequently reduced turbidity in stream and runoff waters reaching the Great Lakes. However, they found little to support this contention. They postulated that the vegetation type would be an important variable in the process of removal of suspended material from flowing waters.
Consequently, this study was designed to obtain information on the amounts and concentrations of suspended materials entering and leaving coastal wetlands. The hydrology of the sites was determined approximately, and suspended solids were measured. Variations in water level were monitored. Sediment accumulation rates within these wetland systems were estimated using radio-tracer techniques. Water and suspended-solids budgets for these ecosystems were estimated. The influence of short-term rainfall events of variable intensity were investigated by high-frequency sampling for two of the ecosystems.
Boto and Patrick {1979) present a literature review on sedimentation processes in freshwater wetlands, but found only a few publications of direct relevance. Kadlec and Kadlec (1979) document the gross removal of suspended solids in wetland ecosystems that are being used for wastewatertreatment processes. They find some of these wetlands serve as retention areas, while others apparently serve as discharge areas for solids.
Although radiometric methods for dating recent deposits have enjoyed increasing use over the past decade [see Robbins (1978) for a review], there have been very few applications to wetlands (see Armentano and Woodwell, 1975; DeLaune et al., 1978; Oldfield et al., 1979) . The ~°Pb method in particular, has been shown to provide a chronology of coastal marine and lacustrine sediments which can extend back in favorable cases as far as ~ 150 yr. Thus, in principle, the 21°Pb should provide a suitable dating method since wetland strata will generally undergo appreciable growth in that time span. Oldfield et al. (1979) have applied the method to establish a chronology for growth of ombrotrophic peat deposits in Great Britain with apparent success.
The 21°pb method is based on certain remarkable and fortunate properties of the U decay series. 226Ra, present almost universally in crustal materials, decays to form the inert noble gas 222Rn. This gas escapes from surface materials (rocks and soils) into the atmosphere where it decays with a 3.8-day half-life. Rn decays through a series of very shortAived intermediate products to 21°Pb which has a 22.3-yr. half-life. Unlike Rn, Pb is quite reactive in the atmosphere. Becoming attached to particles once formed, it is efficiently removed from the air primarily through precipitation and deposited among other places on water bodies where it is rapidly incorporated into sedimentary materials. Often, rapidly accumulating deposits have a considerable excess of 21°Pb over that which is produced locally by the decay of Rn and its Ra parent. Decay of excess 21°Pb on burial or, in the case of wetlands, on the growth of peat layers, provides the basis for a chronology. However, a valid chronology can be developed only if the characteristics of deposition of the isotope as well as any postdepositional migration, sorting of materials or nonconformities in accretion processes can be properly understood. It may be expected that the examination of the distribution of this isotope can provide insights into the nature of the accretion process.
Another isotope suitable, in principle, for chronological studies is 137Cs. This man-made radionuclide (half-life 30 yr.) is distributed around the globe as a result of the atmospheric testing of nuclear weapons which reached a peak in the mid-1960's. The first appearance of the isotope in sediments can be generally associated with a time of about 1955. Thus, a horizon of ~3VCs corresponds to ~ 27 yr. B.P. provided there are no processes occurring which redistribute the isotope within the sediments. While selected lacustrine environments (such as the Great Lakes) possess sediments in which little diffusional mobilization of Cs appears to occur, the isotope appears to be mobile in accreting organic sediments in wetlands (cf. Pakarinen and Tolonen, 1977) . Therefore its use in the present case remains open to question.
SITE DESCRIPTIONS
Three sites were chosen for the studies. Cranberry Bog No. 1 is an intradunal wetland near Stevensville, Michigan. It is a bottom-land forested wetland consisting of mixed hardwoods and softwoods with an understory of various shrubs. It is surrounded by dunes of ~ 30 m in height. The wetland contains organic deposits ~ 50 cm thick. The wetland receives streamflow from the Livingston Valley drain to the south and discharges through a streamflow to the north. The stream dissipates within 100 m of entering the wetland into diffuse sheetflow, and narrows at the exit of the outlet of the wetland to a slowly moving broad vegetated outflow to the next ecosystem. The wetland area is ~ 65 ha.* Cranberry Bog No. 2, also ~ 65 ha, receives this streamflow, but is an entirely different ecosystem. It appears to be an intradunal lake that is filling by detrital accumulation from the edges. The central regions of Cranberry Bog No. 2 are open water of indeterminate depths. The bottom of this lake area contains several meters of poorly consolidated flocculent sediments. The edge zones of this ecosystem consist of a shrub--cattail community which averages a 100 m or more in width. An interlaced root zone lies less than 1 m below the surface of the water in this region. Several areas of this wetland contain floating mats of vegetation. Waters from Cranberry Bog No. 2 exit through a well-defined stream to two intradunal lakes, Grand Mere Lakes, which then discharge immediately to the northwest to Lake Michigan. These wetlands and lakes are parallel in orientation to the shoreline of Lake Michigan as shown in Fig. 1 . The distance from Lake Michigan to either wetland is only a few hundred meters. The third study site is located near Pentwater, Michigan, as shown in Fig. 1 . This 65-ha wetland is a delta ecosystem where the north and south branches of the Pentwater River combine with Watson Creek and discharge into Pentwater Lake. Pentwater Lake is very closely coupled to Lake Michigan; and consequently wind, tide and seiche effects are felt at the outlet of this wetland. The upstream sections of this wetland are sedgeand shrub-covered floodplain wetlands. The downstream sections are inundated cattail and pond areas. Most of the waterflow is channeled, except at times of extreme high water. The surrounding topography at the Pentwater site is similar to that at the Cranberry Bogs sites.
In highly simplified terms, Cranberry Bog No. 1 is a forested bottom land swamp, Cranberry Bog No. 2 is a filling-lake system, and Pentwater is a river-delta wetland.
HYDROLOGY

Methods
Streamflows to the wetlands were determined by measuring the velocity of the stream using a turbine meter where depth permitted, and using neutral density trancers where depths were insufficient. The inflow to Cranberry Bog No. 1 was through a culvert as was the outflow from Cranberry Bog No. 2. Thus, accurate measurements of the width and depth of these streams could be made. The flow from Cranberry Bog No. 1 to Cranberry Bog No. 2 was diffuse, across a channel ~ 25 m in width. It was virtually impossible to ascertain the geometry of this channel, and consequently no flow measurements could be made at this point.
Streamflow measurements at the Pentwater Marsh presented different difficulties. Measurements were made with a turbine meter or with a neutral density tracers as at Cranberry. However, the south branch of the Pentwater River could be waded at several locations, consequently a depth profile and several velocity measurements could be made. The north branch of Pentwater River passed through a well-defined channel underneath a bridge, and similar measurements could be made at that point. These two flow estimates are therefore quite good. Watson Creek also enters this wetland, but it is an intermittent rivulet which contributes little to the total inflow. This flow was visually estimated. The outflow from Pentwater Marsh is dependent upon lake level, wind, tide and seiche activity. Sometimes, inflow occurred. Thus, even though there is a well-defined concrete bridge channel, there is little hope of accurately measuring flows at this point without sophisticated equipment.
Water levels were measured at all wetlands at times of sampling visits. Evapotranspiration was estimated for each wetland site using the Thornthwaite and Mather (1957) method. Precipitation records were taken from the nearest National Oceanic and Atmospheric Administration (N.O.A.A.) weather station for the Cranberry Bogs, Dowagiac, Michigan; and were estimated for the Pentwater site on an annual basis. The net recharge or discharge for the wetland was estimated by difference from the overall water budget. Fig. 2 shows the flows and net precipitation less evapotranspiration for combined Cranberry Bogs. Outflow and inflow are generally in phase, with low flows occurring in the summer months and high flows occurring in late winter and early spring. There is a spring runoff peak occurring in late February and early April, and another high runoff event occurring in early May. Fig. 3 displays the response of the water surface elevation near the outlet of Cranberry Bog No. 2 to these inflow--outflow events. Levels are relatively low during the late summer and early fall months, and are elevated 15 cm during the late winter and early spring months. The two runoff events also appear in water-level records for this location. The above information can be combined into a water budget for these two wetlands as shown in Fig. 6 . The recharge and discharge for the combined wetlands was apportioned equally between the two ecosystem types for the Cranberry Bogs in this figure. This two-wetland complex is seen to be an annual discharger of water. This is not unexpected, since subsurface flow though the porous sandy soils that surround the wetlands quite clearly contributes to the surface waters of these wetlands.
Results
The Pentwater Marsh was studied at less frequent intervals, and thus insufficient information is available on the seasonal flow regime. However, Fig. 9 shows an estimate of the water budget for this wetland based on that information. In addition, there is a question concerning the outflow from this wetland, which is strongly linked to the Lake Michigan hydrologic regime. Nonetheless, as can be seen from Fig. 9 , streamflow clearly predominates over evaporation and precipitation events for this wetland.
SUSPENDED SOLIDS
Methods
Triplicate water samples were taken from all inflows and outflows for the wetlands, on fifteen occasions during the year for the Cranberry Bogs, and on five occasions during the year for the Pentwater Marsh. Hydrologic measurements were also taken at those times. The 1-gal. (3.785 1) samples were returned to the laboratory and analyzed for total and volatile sus-pended solids (A.P.H.A., 1975) . Large detritus, mostly duckweed (Lemna sp.) and floating leaves, was excluded from the samples as being uncharacteristic of the water-borne component of the solids load.
Results
Figs. 4 and 5 show the total suspended-solids concentrations in the entering and leaving waters of the two Cranberry Bogs and Pentwater Marsh. In both cases, the suspended-solids contents of inflow and outflow are remarkably in phase. In both cases there is a pronounced winter maximum for suspended solids. The highest concentrations of solids leaving and entering these wetlands occurs during the November--February period. It is also apparent that there is little, if any, change in concentration between the inlet and outlet waters from these systems. During the summer months, the suspended-solids concentration leaving Cranberry Bog No. 1 and entering Cranberry Bog No. 2 was considerably greater than the entering or leaving streams. It was at comparable levels during the fall, winter and spring months.
The above information may be combined with the water-budget informa- tion to yield the budgets for suspended materials entering and leaving the water compartment at these wetland sites. This information is presented in Figs. 6--8 for the Cranberry Bogs and in Figs. 9--11 for the Pentwater Marsh. Although no information is available on air-borne sediments, the picture for water-borne sediments is relatively clear. Annually Cranberry Bog No. 1 is a net exporter of water-borne suspended materials, and Cranberry Bog No. 2 acts as a retention basin. In Fig. 8 the internal cycling of the organic detritus is estimated along with the imports and exports on an areal basis. The internal cycling for the open-water bog is estimated to be less than that for the forested bottomland. Here the net process seems to be the accretion and export of incoming and generated material from the bottomland forest, and the retention of incoming material and internally generated material. The comparable information for the Pentwater Marsh is displayed in Figs. 9--11. On an annual basis the Pentwater Marsh appears to have no effect on the solids load reaching the Pentwater Lake and then Lake Michigan. Even though the concentration of suspended material in the Pentwater River is far less than it is for the streams in the Cranberry complex, the tremendously greater streamflow means a great increase in the amount of material that is transported through this wetland ecosystem. Consequently, any estimate of internal cycling will turn out to be considerably less of an input to this ecosystem than streamflows. Co. 500 Internal Production Ca. 500 Internal "t20 (46) 3300 (450) Accretion Accretion The nature of the suspended solids at both locations, as measured by the per cent of the solids which are volatilized at 550°C, is ~ 50% volatile or organic. There is no dramatic change in the percentage volatile from inlet to outlet in any of the wetland systems studied. However, the 50% of the solid material which was non-volatile should be, and was, reflected in the fraction of the accreted sediments which were solubilized from cores.
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WATER QUALITY
Methods and results
Background information on water quality was determined at one sampling date for each of the wetland systems. This information provides confirma-tion of water budgets and internal cycling and generation. Water samples were analyzed in the laboratory for pH, conductivity, chloride and ammonium nitrogen, using electrode methods and total dissolved phosphorus was determined using a colorimetric method. The results of these measurements, indicated in Table I , show relatively low levels of dissolved nutrients and dissolved solids in the waters in these wetlands ecosystems. 
ACCRETION RATES OF SEDIMENTS
Methods
Plastic tubes were used to core bottom sediments from eight locations within the three wetland systems. The locations of these cores and their properties are summarized in Table II and in Fig. 1 . These cores were returned to the laboratory in the plastic tubes and frozen. The solid material was then extruded from the tube and sawed into 2-cm increments. These sediments wafers were then oven-dried at 105°C and weighed to obtain the total mass distribution.
For determination of the activities of 137Cs, dried core sections were packaged in plastic Petri dishes (5.1 cm O.D.) and counted on a large, 7.8 cm × 12.7 cm, NaI gamma detector coupled to a multichannel analyzer. Details of the method are provided by Robbins and Edgington (1975) and Robbins (1978) . 4°K is also detected by the analytical system along with 137Cs. 4°K exists in fixed ratio to total K and is therefore a good indicator of total K. Because of the low activities of these isotopes in the samples, long counting times (the order of several days) were required to obtain adequate statistics. As the efficiency of the detector was not accurately determined for the entire set of samples, values for the activities are reported in counts per minute per gram.
For determination of the activity of 2'°Pb, a 2-g subsample from each section of the core was placed in a small beaker to which 20 ml of concentrated HC1 was added plus a 1-ml spike of 2°SPo (40 d.p.m, ml-'). The 2°8po serves as a means of determining the absolute activity of 2'°Po which is assumed to be in secular equilibrium with 2'°Pb. The mixture of sample, spike and acid was shaken slowly in a bath maintained at 90°C for 8 hr. During this period small (21 ml) additions of concentrated (30%) H202 were added to accelerate destruction of organic matter. Following this extraction period, the mixture was filtered through 0.45-pm filter, the filtrant adjusted to an approximate final volume of 50 ml with distilled water to which was added 1 g ascorbic acid (to prevent precipitation of Fe and concurrent scavenging of Po). The solution was adjusted to pH 1.5 by small additions of concentrated ammonium hydroxide. The pH adjusted solutions were added to small (250 ml) wide-mouth polyethylene bottles containing a 3.8-cm diameter silver disc covered on one side with Mylar ® tape. For ~ 8 hr. the bottle containing the disc lying on the bottom with polished face upwards and solution were gently agitated in a shaker bath at 90°C. During this period the atoms of 21°po and the spike (2°~Po) are transferred to and spontaneously plated on the silver disc. Efficiency of plating is generally better than 90%. However, because of the addition of the spike it is not necessary to determine the actual plating efficiency. Following plating of the sample, the discs were removed from the bottles, rinsed in distilled water, dried with ethanol and counted by means of a conventional alpha spectroscopy system. This system includes a high-resolution (< 20 keV at 5.3 MeV) surface barrier detector connected to a 2048-channel (Nuclear Data ® 100) multichannel analyzer. The peaks due to 21°po {5.33
MeV) and to 2°8Po {5.11 MeV) are easily resolved by the systems. With respect to the Po isotopes the system is essentially background free. Also there is essentially no contamination of the ~°SPo spike with 21°Po (2~°Po/ 2°8Po < 0.005). Additional details of the method are to be found in Robbins and Edgington (1975) and Robbins (1978) .
Discussion
In order to establish a geochronology for a given core we use the simplest set of assumptions providing a self-consistent description of the data. For 21°Pb this principle implies the following restrictive assumptions*: (1)the rate of supply (flux) of 21°Pb to the site (of the core) is constant; (2) the rate of accretion is constant; and (3) the isotope does not move around in the core (no diffusion, no physical disturbance). Under these conditions the expected activity of excess 21°Pb in a layer of age t (yr. B.P.) is given by:
where A(0) is the excess activity at the surface (in units of d.p.m, g-l); and ~ is the radioactive decay constant = 0.69315/22.26 = 0.0311 yr. -~.
To re-express eq. 1 in terms of sediment depth, a relation between depth and time must be developed. Because of the high and highly variable water content of these porous and easily compressible materials, the linear measure of depth (cm) is subject to considerable uncertainties as well as certain misinterpretations (see Table II ). Apart from naturally occurring compaction there is significant compression of the cores during insertion of the coring tubes. The proper invariant is the dry weight of sediment per unit area within each interval (g cm-~). With the depth expressed in units of cumulative dry weight (m) and the sedimentation rate (r) expressed in units of g dryweight material cm -2 yr. -~, the relation between age t and depth is t = m/r so that eq. 1 becomes:
It is further assumed that the activity of 21°Pb supported by in situ Ra decay is constant over the length of interest so that the total 21°Pb distribution is given by:
where Af is activity of supported 2~°Pb; and AT(0 ) is the total activity at the surface. This equation expresses the expected relation between observables A T and m. If Af is determined independently then an unweighted linear least-squares fit of:
*This is the CA (constant activity model) described by Robbins (1978) which is equivalent to the CIC model used by Appleby and Oldfield (1978) .
provides a best value of the slope = --k/r and an estimate of the sedimentation rate:
A computer program was written which provides both valuesof the slope and an uncertainty based on 90% confidence limits. Analysis of the 137Cs profiles is based on the assumption that: (1) transfer of fallout from the air--water interface to the sediment--water interface is instantaneous (i.e. there is no external integration of inputs); (2) direct atmospheric transfer is in fact the only source of the radionuclide; and (3) 137Cs is not mobile within the deposit. If 
This equation relates the observed activity to the depth and to the atmospheric flux which is well known. Only two parameters are undetermined, the sedimentation rate (r) and the ratio (k) of the sediment flux to the atmospheric flux. Note that because of sediment focusing (see Robbins, 1980 ) the value of k can be greater than 1 in some (especially large) water bodies. A computer program was written to obtain the best values for k and r using 137Cs deposition data as reported by Gustafson et al. (1970) and H.A.S.L. (1977) . (Note that ~37Cs fluxes are in part constructed from nearly three decades of 9°St deposition data for sampling within the Great Lakes watershed. ~37Cs and 9°St are deposited essentially in a fixed ratio.)
Pentwater: South Branch No. 1
The data for this core are provided in Table III . The distribution of 21°pb
shown in Fig. 13 is essentially exponential over the length of the core. If a significant activity of supported 21°pb were present, the observed distribution would tail off toward the bottom of the core. That it does not is presumptive evidence for a level of supported 21°Pb considerably less than observed in the deepest section of the core (i.e. 4.95 d.p.m, g-l). The leastsquares regression line shown corresponds to a sedimentation rate of 0.15 + 0.02 g cm -2 yr. -1. This value is calculated assuming Af (in eq. 3) is zero. The sensitivity of the calculated accretion rate to the choice for Af is illustrated in Table IV . It can be seen that a zero value of Af maximizes the rate changes by ~ 27%. In the absence of independent information it is not possible to assign a more accurate value for the accretion rate. The most conservative estimate assumes that the value of Af lies between 0 and ~ 4 d.p.m, g-1. In the table summarizing the accretion rates (see Table XII The distribution of '37Cs (also shown in Fig. 13 ) exhibits a peak at ~ 2.0 g cm -: which appears to correspond to the peak in fallout. The dashed line in the figure is the distribution expected from the model discussed above for a value of the accretion rate based on the 2'°Pb data (0.15 g cm -2 yr.-'). It can be seen that while the predicated peak location is in reasonable accord with the observed position, the theoretical profile underestimates both the spread in the observed distribution and the amount of 137Cs in sediments above the peak. Failure of the simple model is not surprising in light of the experience of others in use of '37Cs to date wetland deposits. Oldfield et al. (1979) found radiocesium profiles in ombrotrophic peat cores which were diffuse, extending to depths considerably greater than expected on the basis of known fallout records and independent more reliable chronological methods. They considered that radiocesium undergoes active uptake by living plants as well as diffusional migration within layers and is thus not useful as a geochronological tool. In comparison to the discrepancies observed by Oldfield et al. those in the South Branch Core are minor and warrant further consideration. Elevated surface concentrations of the isotope could easily arise from indirect and delayed transfers from other parts of the system. This could occur if a significant portion of the radiocesium reaching the site was derived from an external reservoir (either watershed, or resuspended stream deposits) which integrates the inputs. Consider an extreme case in which the only Cs reaching the site is the result of prior storage in an integrating reservoir. If the residence time of the radionuclide in the reservoir is Tr then the flux reaching the location is given by a term proportional to Fr defined as:
where F is the atmospheric flux defined above; and hr = 1/Tr. The expected distribution is then obtained by substituting the solution of eq. 7 for F' into eq. 6. The solid curve shown in Fig. 13 is the distribution expected if the accretion rate is kept unchanged at the value determined from ~l°Pb while the best value of the reservoir integration time is determined via least-squares minimization. Under such conditions, the optimal integration time is ~ 5 yr. It can be seen that considerable improvement in the theoretical representation is obtained by introduction of this concept. By allowing both the integration time and sedimentation rate to vary, a theoretical distribution is obtained as shown in Fig. 13 (shaded area) for r = 0.18 g cm -2 yr. -I and Tr = 10.0 yr.
Pentwater: South Branch No. 2
The data for this core are provided in Table V . The core consists largely of fine to medium sand with very little organic matter. Analysis of the top I.D. . ~37Cs is undetectable in all sections of the core. 4°K is a good indicator of the amount of finegrained inorganic (non-quartz) material (clay/feldspars) present in the deposits. Cores may be conveniently differentiated by the 4°K content and acid-soluble fraction. The latter quantity is a measure both of the organic carbon content plus other readily leachable phases including carbonates, Fe/Mn compounds and certain other minerals. In Fig. 14 
Pentwater: Bridge Side No. 3
The data for this core are provided in Table VI . The distributions of 21°Pb and '37Cs are shown in Fig. 15 . In this core the activity of supported Pb appears to be 0.97 d.p.m, g-1. Using this value of Af, the calculated accretion rate is 0.0098 -+ 0.0026 g crn -2 yr. -I . The solid line shown in the figure is the predicted distribution of 21°pb based on this accretion rate (r = 0.97 for n = 4). In the summary table the value of Af is taken to be 0.97 -+ 0.5 d.p.m, g-1. As seen in Fig. 15 {right panel) most of the ~37Cs is confined to the upper layer. This result is predicted on the basis of the 21°Pb accretion rate. The solid line in the figure shows the distribution predicted for a system integration time of zero. Essentially an identical theoretical profile is obtained if the integration time is taken as 10 yr. Allowing the rate to vary produces the distribution shown as the shaded area in the figure. This distribution corresponds to a slightly higher apparent accretion rate of 0.0156 g cm -2 yr. -~. Even so, slight but significant activity between 0.54 and 0.76 g cm -2 is not accounted for by the model either by increasing the sedimentation rate within the limits of uncertainty or by introducing the system integration concept. Hence, there appears to be some slight mobility of the isotope in this core, assuming the validity of the :~°Pb chronology.
Pentwater: North Branch No. 4
Data for this core are provided in Table VII . The amount of supported 21°Pb appears to be determinable in a straightforward way, as the activity in the bottom three sections is essentially constant {3.77 d.p.m, g-1 average) although unusually high. The accretion rate using this average value is 0.049 + 0.01 g cm -2 yr. -~. However, note that in this core there is a systematic variation in the acid-soluble fraction. From a value of 0.38 in the top section it decreases monotonically with increasing depth to 0.25 in the section at 3.73--4.56 g cm -2. However, in the bottom two sections, the soluble fraction increases significantly. Thus the apparent constancy of the activity of 2~°Pb expressed on total weight basis may be an artifact of increased solubility of materials in the deeper sections. How can a valid accretion rate be inferred in the presence of systematic variations in gross composition of core material? Without additional characterization there is no entirely reliable way. But under certain restrictive assumptions it is possible to build a selfconsistent picture. Suppose that excess 2~°Pb goes completely into solution on extraction and that the only reason for variations in fraction soluble is changing dilution of the 21°Pb carrier material by inert constituents (such as sand). If this is the only process affecting the activity of 21°Pb downcore except for radioactive decay, then the activity on a weight soluble basis may be used to determine the age of core layers. On the basis of the "renormalized" 2~°pb data, the accretion rate is 0.14 + 0.03 g cm -2 yr. -1. Values of accretion rates for all cores based on renormalized 2~°pb data are presented in Table XIII . In cases where there is little downcore variation in the soluble fraction there is essentially no difference in accretion rates calculated by the two methods. In the case of this core (No. 4) the value based on unnormalized data is considerably lower (0.10 g cm -2 yr.-~). In the summary table (Table XIII) , a value of 1.8 -+ 1.8 d.p.m, g-1 is used for supported 2~°Pb. This uncertainty reflects the lack of knowledge as to whether 2~°Pb activities in the lower two core sections are representative of supported levels or not. In this core ~37Cs occurs primarily in the upper section. If the accretion rate is correctly given as 0.14 cm yr. -1 significant ~37Cs activity should be found in the upper three sections. As the range of uncertainty is large in the estimate of the accretion rate, the Cs profile can be said to be consistent with the 21°Pb data but to select toward the lower accretion rate. Application of the model to the ~37Cs profile yields a sedimentation rate of 0.04 g cm -2 yr. -I for an integration time of zero and 0.06 g cm -2 yr. -~ for an integration time of ~ 1 0 yr.
Pentwater: North Branch No. 5
Data for this core are given in Table VIII . In this core there is a systematic six-fold decrease in the amount of acid-soluble material with increasing depth. Because of this major variability, it would be misleading to obtain a sedimentation rate estimate based on unnormalized 21°Pb activities. Nor- 
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Top, (average in the bottom three sections). Using this average, the calculated accretion rate is 0.10 + 0.03 g cm -2 yr. -1. In the summary table (Table XIII) the value is taken as 1.8 + 1.8 d.p.m, g-~ sol. which leads to a considerably larger value for the accretion rate {0.47 + 0.22 g cm -2 yr. -1) as well as larger uncertainty. The activity of 137Cs in this core is extremely low often bordering on the limits of detectability. Significant activity is seen in the section between 4.05 and 6.04 g cm -2 (mean depth, 5.0 g cm -2) which should correspond to an onset of ~3~Cs in 1955 or ~ 25 yr. B.P. If there is no mobility of the isotope this correspondence implies an accretion rate of about 5.0/25 = 0.2 g cm -2 yr. -~ . Because the data for Cs are so marginal, model fits are without much significance. But the distribution of Cs supports the lower sedimentation rate and very limited mobility of the isotope in this and in other cores in deeper sections.
Pentwater: North Branch No. 6
In this core the soluble fraction is essentially constant over the entire length and there is virtually no 4°K present (Table IX) . Activities in the lower four sections are taken to indicate supported 21°pb levels (1.34 d.p.m. g-1 average). The model accretion rate is 0.0053 + 0.0029 g cm -2 yr. -~. Normalized 2~°Pb activities yield essentially the same accretion rate. For this accretion rate, 137Cs is expected to be confined to the upper section of core. However, a significant amount is found in two lower sections. An independent fit of the model to the ~37Cs data yields a much higher accretion rate: 0.018 g cm -2 yr. -1 (T R = 0) and 0.023 g cm -2 yr. -1 (T R = 10 yr.). Uncertainties in the 2~°Pb-derived sedimentation rates, while large, are not sufficient to account for the penetration of 137Cs. In this core there is evidently some migration of the isotope if the 2~°Pb-based accretion rates are close to being correct. Cranberry : Inlet No. 7 In this core there are major downcore variations in the soluble fraction (Table X) . Accretion rate are based only on renormalized values (acidsoluble basis). Renormalized 2~°Pb activities decrease more or less exponentially with increasing depth in the core to levels of ~ 16.7 (+ 0.1) d.p.m. g-~ sol. in the bottom two sections. This value for the supported 2~°Pb yields an accretion rate of 0.022 + 0.004 g cm -2 yr. -~. In the summary table (Table XIII) Cranberry : Outlet No. 8 This core is also subject to systematic downcore decreases in the acidsoluble fraction (Table XI) . From top to bottom there is roughly a fourfold reduction in the amount of soluble material. Accretion rates are calculated only for renormalized 21°Pb activities. In Fig. 16 the distribution of 21°Pb both on a whole-sediment basis and on an acid-soluble basis is shown. It can be seen that the curve is linearized (on a log scale) by the renormalization procedure. This lends support to the idea that the curvature is an artifact of variable dilution by inert constituents. Renormalized 21°Pb appears to decrease without reaching supported levels within the length of core available. Thus the supported 2~°Pb would appear to be significantly less than 4.7 d.p.m, g-~ sol. (activity in the deepest section) but probably significantly higher than zero. In this summary table (Table XIII) The '37Cs profile (Fig. 16 ) shows significant activity down to and including the interval from 5.1 to 6.5 gcm -2. This result consistent with the accretion rate based on renormalized 2'°Pb. As the horizon in the '37Cs (onset of introduction) corresponds to ~ 25 yr., the accretion rate (given by the mean cumulative weight in the interval 5.8 g cm-2/25 yr.) is 0.23 gcm -2 yr.-' as found from 2'°Pb. Application of the model to the '3~Cs profile gives 0.14 gcm -2 yr.-' for Tr = 10 yr. and 0.26 gcm -2 yr.-' for Tr 50 yr. Thus in this core there is no evidence for migration of '3~Cs. However, as noted in other cores there is a marked elevation in activity since the • i The indicated error limits include uncertainties in the value of supported :'°Pb.
• 2 Average over the length of the cove (see text). period of peak fallout. The effect is particularly noticeable in this core. The dashed line in the figure shows the distribution expected on the basis of the direct transfer model using a value of 0.23 g cm -2 yr. -1 for the accretion rate. The solid line is the theoretical fit which includes the effects of external integration (Tr = 50 yr.). While the data favor long-term (> 20--50 yr.) integration of inputs, the fit is insensitive to the value of Tr for times exceeding roughly 50 yr. The effect of external integration of inputs on the distribution of radiocesium in this core is further illustrated in Fig. 17 Lower panel. Standard deviation in the fit to actual data vs. the assumed integration time.
yr.) while the bottom panel provides a measure of the quality of the fit (standard deviation) to the data. Note that a change in integration time in the range of 5--50 yr. has the greatest effect on the quality of the fit. For times greater than 50 yr. there is very little additional improvement in the fit. Note also that the external integration process has essentially no effect on the location of the ~37Cs horizon. Significant downward diffusion of the isotope would have a direct and appreciable effect on the position of the horizon.
Total activities of radiolead and -cesium
The total activity of 21°Pb and 137Cs in a core is obtained as the product of the activities (d.p.m. g-l) and the mass of material (g dry) summed over all sections. The total activity (d.p.m. cm -2) is a measure of the efficiency of transfer of the isotope from the catchment area to the site of the core. For 21°Pb the average rate of deposition in the Great Lakes Region is ~ 1 d.p.m, cm -2 yr. -I. At a constant rate of deposition, this flux would produce an accumulation of ~ 32 d.p.m, cm -2. The data summarized in Table XIV show that in all but one of the cores studied the vertically integrated amount of 2~°Pb is less and usually considerably less than 32 d.p.m, cm -2. Thus the overall efficiency of transfer of radiolead from air to this location is generally low. Many factors can contribute to the observed accumulation efficiency: residence time of the isotope in water mass within the wetlands system; efficiency of incorporation of the isotope into the solid matrix; and the residence time of the isotope in the external integration compartment (watershed}. ~37Cs is transferred to the coring site with about the same Edgington and Kartunnen, 1977) . As the detector efficiency is ~ 7 d.p.m./c.p.m, the expected total counts per minute/cm 2 is 15.6/7 = 2.3.
• : Based on an annual flux of 1 d.p.m, cm -~ yr. -1 (Robbins, 1978) .
efficiency. The relation between total 21°Pb (excess) and total 137Cs in each core is shown in Fig. 18 . With the exception of core No. 5 (Pentwater North Branch), total activities are very well correlated (r = 0.996; n = 7). The dashed lines in the figure indicate total activities based on direct deposition. The integrated atmospheric deposition of 137Cs (15.6 d.p.m, cm -2) is decay corrected to 1980. As the isotopes have very different deposition time dependences (21°Pb, steady state; 137Cs, strongly non-steady state) but a sLmilar affinity for fine-grained particles in aquatic environments, the good correlation argues in favor of particle trapping efficiency as the primary factor affecting the accumulation of both isotopes at the coring sites. 
CONCLUSIONS
The net effect of the two wetland systems investigated on the sediment load to the Great Lakes appeared to be negligible. Although Cranberry Bog No. 1, the forested bottomland ecosystem, tends to export a good fraction of its organic detritus, the receiving filling--lake--bog system of Cranberry Bog No. 2 appears to retain much of this material. The Cranberry Bog system appears to receive a significant amount of groundwater as a contribu-tion to the net pool. This is not unexpected in the highly porous sand dune watershed in which they are located.
Similar soils and topography surround the Pentwater Marsh, and may contribute a like amount of discharge water, but the flow of the Pentwater River is much higher than the flows to the Cranberry Bogs. Consequently there is a large amount of suspended material that enters this wetland system via the river. To a first approximation, this same amount of suspended material leaves the Pentwater Marsh. There are undoubtedly differences in the mineral character of these sediments on seasonal and geographical bases, but there is no great sediment trapping action in this river-delta wetland.
The 21°Pb method is of value in determining the rates of accretion of wetlands but future studies should include determination of supported 2~°Pb activities and provide better documentation of gross stratigraphic changes in cores. 137Cs appears to be largely immobile in the materials studied but the depth of occurrence is generally so limited as to make it a dubious geochronological tool. In cores where accretion rates are high enough to resolve details in Cs profiles, activities are generally higher in near-surface sections than expected from the fallout record. Elevated levels are tentatively ascribed to a process of integration external to the coring site. This would be the case if the main source of the isotope were a catchment area storing fallout for residence times the order of 20 yr. or more. In most cores (6 out of 8) integrated activities of both isotopes are much less than expected for direct atmospheric transfer. Reduced transfer efficiencies result from scavenging and residence time effects within the catchment area.
The accretion rates as inferred from these measurements are shown in Figs. 8 and 11 for the three wetland systems. It can be seen in Fig. 8 that accretion rates are very much higher in Cranberry Bog No. 2 than in Cranberry Bog No. 1. Further, the amount of soluble material depositing in Cranberry Bog No. 1 is larger in percentage than it is in Cranberry Bog No. 2. This is consistent with the deposition of organic material within Cranberry Bog No. 2. Accretion rates in the Pentwater system are extremely variable as shown in Fig. 11 . Areas that are subjected to flushing by either streamflow or by action of wind and waves show small accretion rates compared to those areas which receive a higher organic loading due to internal cycling and water-borne sediments. Stream channels are scoured according to the radiometric analyses.
The sediment accretion rates observed are in agreement with the observed amounts of sediments entering and leaving all three wetland ecosystems. Small sediment retention resulted in small accretion measured in the core studies. Soil accretion rates are low compared to other reported literature values. Cranberry Bog No. 2 clearly shown a greater accretion rate than Cranberry Bog No. 1, which is again the agreement with the observed import and export character of the wetlands.
Rainfall events in these wetlands did not have a large effect on the import or export of sediments. This is believed to be due to the nature of the watershed, in which sandy soils mediate the runoff of rain waters. Since rain events do not stimulate large or sudden increased in streamflow, they do not resuspend and export large amounts of sediments. It is noteworthy that both the Cranberry Bogs system and the Pentwater system export relatively large concentrations of suspended material during the winter months. Spring runoff carries significant amounts of the total annual sediment loads from these sites.
In summary, it appears as though the bottomland, forested intradunal wetland exports solids. The open-water filling-bog system acts as a sedimentation basin and collects sediments. The periodically inundated river-delta wetland has no significant effect on the suspended-solids load of the river entering the lake. Rainfall events do not cause sudden flushes at any of the three sites studied, but seasonal effects were large.
